Flavin-phosphine adducts, kinetics, light absorption, structure
The biochemists still depend largely on model studies for the postulation of structures of the intermediates observed with flavoprotein dependent reactions 1 . Therefore, recently many scientists have become active in the field of flavin model studies and it has become evident from such studies that the flavin molecule in the oxidized state undergoes a variety of reactions 2 . However, many of these reactions are light catalyzed and, therefore, can not be directly correlated to the flavoprotein dependent biological reactions since most of them are dark reactions.
Recently, we described the interaction of free and some protein-bound flavins with a common substrate, namely sulfite 3~6 . These studies revealed the interesting fact that the flavoprotein oxidases are capable to form a sulfite addition product, whereas the flavoprotein dehydrogenases do not interact with sulfite 3 ' 4 . In this context, the studies described below were undertaken to search for the possible interaction of flavins with other nucleophilic reagents.
Materials and Methods
The syntheses of the flavinium salts employed in this study were described elsewhere 5 . The solvents and chemicals used were of analytical grade. The light absorption studies have been performed either on a Cary 16 or on a Durrum prism-grating recording spectrometer, both equipped with thermostated cell holders. Cells of 1 cm light path have been used.
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The experiments were conducted at 25 °C. The dissociation constants and the rate constants were determined using acetonitrile solutions of flavins and triphenylphosphine. The experiments were monitored at the long wavelength absorption maximum of the flavinium salt.
A typical example of the synthesis of the flavin-triphenylphosphine adduct is as follows: Triphenylphosphine (2.0 g) was dissolved in abs. ether (30 ml). The slightly turbid solution was filtered and the flavinium salt (0.5 g) dissolved in acetonitrile (5 ml) slowly added with stirring to the filtrate. The solution turned red and got then gradually bleached. Stirring was continued for 30 min at room temperature after which time the reaction mixture was allowed to stand at 4 °C for 10 hours. The slightly yellowish crystals were filtered and washed extensively with ether. In some cases it was necessary to add ether to initiate the crystallization because a larger volume of acetonitrile had to be used to dissolve the flavinium salt. The yields were 60-95%.
Results and Discussion
In context with the sulfite studies we were interested to test the reactivity of flavins towards other nucleophiles. We have found that acetonitrile solutions of flavinium salts are bleached in the presence of phosphine derivatives. In the described study we have used triphenylphosphine because of its air stability and easy handling. The bleaching reaction has many features in common with the flavinsulfite interaction 5 . Thus, the bleaching reaction occurs in the absence of light. Furthermore, the reaction is not influenced either by the presence nor absence of molecular oxygen. The product is stable towards molecular oxygen which proofs that the final product of the reaction is not the N(5)- given in Table I .
The equilibrium constant of reaction (l) was determined spectrophotometrically for a few flavinium salts in acetonitrile solutions. The results are summarized in Table I . Similar results were obtained when the spectral data were at 380 nm vs time were linear. The rate constants were, respectively, 1.03 min -1 , 0.51 min -1 and 0.10 min -1 at these triphenylphosphine concentrations. In Table I Support for the proposed structure of the flavintriphenylphosphine complex shown in eqn. (1) comes from elemental analysis, infrared and nuclear magnetic resonance data obtained from the crystalline compound. Thus, the elemental analysis revealed that one mole triphenylphosphine is bound per mole flavin. The most characteristic absorptions of the infrared spectrum of the crystalline complex (using KBr pellet technique) are located at 3125, 2940, 1724, 1649 and 1096 cm" 1 , respectively, and are assigned to NH(3), CO(4), CO(2) and C104". The corresponding absorptions of the parent compound of the triphenylphosphine complex appear at 3200, 3035, 1750, 1710 and 1100 cm" 1 . The nuclear magnetic resonance spectrum of the complex in deuterated dimethylsulfoxide (internal standard was tetramethylsilane) exhibits the following absorptions at 7.71 and 7.26 ppm (15H, triphenyl residue), 6.73 and 6.23 ppm (2H, CH-aromatic), 4.68 ppm (2H, NCH2-1), 4.12 ppm (2H, NCHo-10), 2.03 ppm (3H, CH3-8), 1.74 ppm (3H, CH3 -7). These results are in agreement with the postulated structure.
The above described results show that flavins exhibit a greater reactivity towards sulfite than to-°C
wards triphenylphosphine, i.e. the neutral flavin molecule forms complexes with sulfite but not with triphenylphosphine. The protonated, respectively, the W-l-alkylated flavin species reacts about 10 times faster with sulfite than with triphenylphosphine. The lower reactivity of flavins towards triphenylphosphine is partly due to the bulkiness of the phosphine molecule.
In a previous paper 5 , we have shown that a linear relationship exists between the oxidationreduction potential of the flavin derivatives and their reactivity towards sulfite. A similar relationship exists probably also for the triphenylphosphineadduct reaction. This relationship reflects the electron density at the flavin "active site", i.e. N(5), C(4a) double bound, where the covalent addition (nucleophilic attack) occurs. To explain the difference in reactivity of flavoproteins towards sulfite 4 we have postulated that the flavoprotein oxidases possess a positively charged group in the vicinity of the prosthetic group, whereas the flavoprotein dehydrogenases possess a negatively charged group. Support for this idea comes from several papers where evidence is presented for anion binding sites of various flavoprotein oxidases such as 
